Abstract: Current classification of pulmonary adenocarcinoma includes noninvasive bronchioloalveolar carcinoma, mixed subtype adenocarcinoma, and several patterns of invasive carcinoma. The extent of invasion in mixed subtype adenocarcinoma is variable, and prior studies suggest that estimates of extent of desmoplasia or invasion and gross tumor size are predictors of survival. Pathologic review of 178 consecutive primary lung adenocarcinoma resections from 1997 to 2000 was performed blinded to outcome. Lymph node metastases were not present in adenocarcinomas with less then 0.6 cm of invasion. In multivariate analysis and in strata adjusted for stage, measurement of linear extent of invasion was significantly associated with survival whereas gross size measurement alone was not. Significant differences in median survival were observed when patients were divided into noninvasive, microinvasive (<0.6 cm invasion), and invasive subcategories. In conclusion, among lung adenocarcinomas, histologic assessment of invasive growth may provide valuable prognostic information, and tumors with invasion under 0.6 cm have a more indolent clinical course after resection.
N onsmall cell lung carcinoma (NSCLC) histology is heterogeneous, yet staging and conventional therapy for these tumors are homogeneous. Adenocarcinoma (AdCa) is the most common histologic subtype of NSCLC. This group is categorized into distinct patterns and subtypes by the World Health Organization. 27 As defined in 1999, bronchioloalveolar carcinomas (BACs) are noninvasive AdCas that spread along alveolar walls by lepidic/replacement growth. The category of mixed subtype AdCa was added in 2004 2 to include tumors that had a component of invasion in a background of a lepidic/replacement growth pattern.
In lung AdCa, the extent of the noninvasive component varies considerably and is associated with clinical outcomes. This parallels malignancies in other organs, such as breast 3, 8, 17 and cervix, 7, 10 that are defined as noninvasive (in situ carcinoma), microinvasive (microscopic invasion) or as invasive carcinomas. Notably, in the lung this scheme is most relevant in AdCa compared with other nonsmall cell carcinomas because the extent of noninvasive component is generally minor in squamous cell carcinoma and often absent in large cell carcinoma.
The clinical importance of lung AdCa invasion is supported by several recent studies. 12, 20, 21, 24, 29 These studies indicate that the risk of death in noninvasive BAC tumors and in tumors with less than 0.6 cm of fibrosis or linear invasion is significantly lower than that of AdCa with greater extent of invasion. These results suggest that prognosis of BAC is favorable and that prognosis is similarly favorable in a subset of mixed subtype tumors with limited invasion (<0.6 cm). However, important issues such as interobserver variability in measurement of invasion, definitions of invasiveness in lung AdCa, and importance of gross tumor size remain. In this study, we address these issues in a large case series of primary lung AdCas consecutively resected at Columbia University Medical Center between 1997 and 2000.
MATERIALS AND METHODS
Lung cancer specimens from 178 consecutive primary lung AdCa resections spanning 1997 to 2000 were reviewed by 2 pathologists (A.C.B. and F.Q.), blinded to lymph node and survival status. Gross size was recorded as reported in the original pathology report. Slides were evaluated for measurements of invasion, nuclear grade, mitotic activity, histologic subtype, visceral pleural invasion, and predominant histologic pattern. Criteria for nuclear grade were: grade 1-small uniform nuclei with absent or indistinct nucleoli and low amount of pleomorphism, grade 2-intermediate size nuclei with irregular nuclear contours, identifiable nucleoli, and moderate pleomorphism, and grade 3-marked nuclear pleomorphism ranging to large nuclei with irregular nuclear contours and prominent nucleoli. Differentiation was assessed using degree of gland or papillary formation as well differentiated (well-formed glands or papilla), moderate (irregular or fused glands), or poor (solid growth or micropapillary). Mitotic rate was counted over 30 high-power fields (HPF) and averaged to yield a mitotic score per 10 HPF. For small tumors, a maximum number of fields were counted (up to 30) and the value adjusted to 10 HPF for analysis.
Invasion criteria were applied as follows: 1) invasion of pleura, vessels, and airways; 2) loss of alveolar architecture with desmoplastic stroma; 3) gland shapes not conforming to preexisting architecture; and 4) solid or papillary growth or other World Health Organization (WHO) pattern of invasive AdCa. If invasive carcinoma was present on either side of a scar, the scar was included in the measurement, but scarring or alveolar collapse distant from carcinoma was excluded. Invasive size was measured linearly on histologic sections (Fig. 1F) . The process included both low and higher power assessment, dotting the boundaries of the invasive areas, drawing a boundary line and taking the longest linear measurement. For tumors greater than 2.5 cm (approximate maximum size of a histologic section) that were predominantly invasive (>50% invasion), it was assumed that invasive size was equal to gross size.
All tumors were staged pathologically using both the AJCC Cancer Staging Manual 6th edition and using the revised TNM staging system that will be deployed in
2009
. 4 Survival data were calculated as of September 30, 2007 . Patient deaths were confirmed both by contact with the patient's physician and by query of the Social Security Death Index. Survival was confirmed by evidence of recent contact documented in the medical record or by report of the patient's physician. Six patients were lost to followup. Sensitivity analyses indicated that these missing data had no effect on the statistical analyses. The study was approved by the Columbia Institutional Review Board.
Statistical analysis was performed using SPSS v. 14.0 (Chicago, IL). One-way analysis of variance was performed to test the association of variables with node status. For survival analysis, Cox regression analysis was performed to create univariate and multivariate models for survival analysis. Multivariate models were constructed using parameters identified as significant by univariate analysis (P<0.05). Analyses were performed in the following subgroups-all patients, stages 1 and 2 only, and stage 1 only.
RESULTS
Patient characteristics of the 4 primary lung AdCa groups using previously described strata 29 of BAC, microinvasive (<0.6 cm invasion), mixed subtype (AdCa with invasive and BAC pattern), and invasive (no BAC pattern) indicated that age and sex were similar across the groups (Table 1) . No lymph node metastases were seen in the BAC and microinvasive groups. The most common invasive histologic pattern was acinar; no microinvasive tumors had a micropapillary pattern.
The interobserver reliability of invasion measurements was examined in 60 consecutive cases reviewed by 3 pathologists (A.C.B., A.A., and J.E.). For each case, the linear extent of invasion (cm) and invasion category [BAC, microinvasion (<0.6 cm invasion), and invasive (Z0.6 cm invasion)] were recorded. The intraclass correlation coefficient for invasion measurement was 0.854. For determination of invasion subclasses of BAC, microinvasive AdCa, and invasive AdCa, the k statistic between observers were 0.49, 0.64, and 0.57, indicating a moderate level of agreement. These results are similar to those reported by Noguchi and colleagues 15 in their study of 32 cases evaluated by expert and nonexpert lung pathologists. Furthermore, our k values are comparable with those reported for pathologic measurements of melanoma thickness 22 and for subclassification of breast and prostate carcinoma. 5, 11 We examined pathologic parameters associated with risk of lymph node metastasis. Nuclear grade, visceral pleural invasion, differentiation, and invasive size, but not gross tumor size, mitotic activity, or necrosis was associated with lymph node metastasis ( Table 2) .
The majority of patients had stage 1 disease (71%), with stage 1a patients not reaching median survival time ( Fig. 2A) . In anticipation of implementation of the new International Association for the Study of Lung Cancer TNM Lung Cancer Staging system, all patients were restaged using the new scheme (Fig. 2B) . The main impact of this restaging was an increase in stage 2a patients and decrease in stages 1b and 2b patients. Results from all subsequent analyses were similar for both staging algorithms.
Survival was associated with AdCa invasive groups (Fig. 3) . The median survival for the mixed subtype and pure invasive groups were 2421 days and 1980 days, respectively, whereas the median survival of the BAC (b) group and of the microinvasive group (mi) was not (12) 2b (15) 3a (17) 3b ( Univariate and multivariate analysis was performed for all patients (n = 172), all stages 1 and 2 (n = 148) and all stage 1 (n = 121) patients. In all patients using parameters significant by univariate analysis in a multivariate model, risk of death was associated with age, invasive size, lymph node metastasis, and visceral pleural invasion (Table 3) invasion, and nodal metastases were independently associated with risk of death, but gross tumor size and invasive differentiation were not (Table 4) . Among stage 1 patients, only age and invasive size were associated with risk for death indicating that invasive size was an independent histopathologic predictor of prognosis within stage 1 lung AdCa patients (Table 5 ).
DISCUSSION
Our results indicate that the extent of invasion is independently associated with lymph node metastasis and risk of death. In contrast, gross tumor size in AdCa was not independently associated with risk of death. Prognostic factors in stage 1 NSCLC include tumor size and this has been reported in tumor size strata of 3.0 16 and 2.0 cm. 19 However, not all studies have shown such a relationship. 18 A potential explanation for the discrepancy between the association of prognosis with gross tumor size is that this measurement assumes the majority of the tumor mass reflects invasive tumor. Although this assumption is accurate for most squamous carcinomas and large cell carcinomas, it does not apply to a substantial proportion of lung AdCas. Therefore, results of prior studies could be confounded by the proportion of mixed subtype AdCa included.
In 1999, the WHO classification defined BAC as completely noninvasive, and in 2004 created the term mixed subtype AdCa that included tumors with invasion along with replacement or lepidic growth pattern. The mixed subtype AdCa category however can include tumors with small foci of invasion or with invasion that involves the majority of the tumor. This raises the question as to the threshold extent of invasion that increases the risk of metastatic disease and death in solitary mixed subtype tumors. Similar to parameters established for microinvasive cervical cancer or microinvasive breast carcinoma, our results and those of others indicate that for lung AdCa, 5 mm or less of invasion is biologically indolent.
In a study of 100 AdCas from 1987 to 1992 that were 3 cm or less, Suzuki et al 24 measured invasion as defined by the size of fibrosis on low-power view. Similar to the finding of Shimosato et al 23 published 20 years earlier, stratification of gross tumor size with a 2.0 cm cutoff did not have survival impact. Using strata of less than or equal to 5, 6 to 15, and >15 mm of fibrosis size, they reported 100% 5-year survival for <0.6 cm group, 72% 5-year survival for 0.6 to 1.5 cm group, and 57% 5-year survival for >1.5 cm. Multivariate analysis indicated that fibrosis size but not pleural invasion was associated with lymph node metastasis and vascular invasion. No lymph node metastases were detected in tumors with less than 0.6 cm of fibrosis, which is consistent with our findings. More recently, Sakurai et al 21 examined 380 peripheral AdCa less than or equal to 2 cm. Only 3.3% of the 91 patients with fibrosis less than 0.6 cm had recurrence, and importantly 100% were alive at 7 years.
All of the above studies were conducted in Japan, raising concern that these findings may not generalize internationally. However, in a European study, Rena et al 20 examined 28 BAC and 80 AdCas, and reported a lower rate of recurrence and a higher rate of disease-free survival in BAC patients. Most recently, a US based study 29 demonstrated increased survival in tumors with less than or equal to 5 mm of invasion in stages 1 and 2 lung AdCa. The data presented in our current study are consistent with these prior studies and suggest that the cut-off of 0.5 cm of invasion for acquisition of nodal metastatic potential and the importance of invasive size in mixed subtype tumors established by studies from Japan generalize to lung AdCa worldwide.
In the course of these studies, there has been a focus on nonmucinous BAC. Pure nonmucinous BACs, when solitary, are associated with excellent 5-year and 10-year survival and are not associated with lymph node metastasis. When measured invasive size (linear extent of invasion) or size of fibrosis as a surrogate for invasion is greater than 5 mm, the rate of node metastasis increases and survival rates decrease.
Recent reports of computed tomography (CT) imaging of pulmonary nodules suggest correlations between nodule image features and invasion. The correlation between a bubble-like 30 or air-density containing tumor (called a ground-glass opacity or GGO) and BAC histology has been reported, and conversely, the detection of solid components within a nodule is frequently associated with invasion. In a series of 69 cases of CT scan detected GGO, Suzuki et al 25 found that of 38 pure GGO nodules without solid areas, 32 were BAC and 6 were AdCa. Similarly, Nakata et al 14 reported 62 of 70 pure GGO were BAC, and that of pure GGO and mixed GGO lesions less than 1.0 cm, 4 of 60 or 6.6% were AdCa. Takashima et al 26 reported that patients with Noguchi A (replacement growth, no fibrosis) and Noguchi B (replacement growth, fibrosis) tumors had better survival than those with Noguchi C and D (both invasive) lesions, and that lesions with a GGO percentage of greater than 57% were associated with longer survival. Other studies have shown that high percentage GGO lesions are more likely BAC, although mixed AdCas are also seen as GGO lesions, and BAC lesions are identified among tumors with <50% and <10% CT scan GGO. 1 In another series, 94% of Noguchi A were pure GGO, and Noguchi A, B, and C lesions had 92%, 52% and 20% GGO component, respectively. 28 Thus although the evaluation of GGO contribution in lung AdCa nodules is a potentially useful prognostic predictor, 1, 13 it is most useful in tumors less than 1 cm.
Thus, although small pure and mixed GGO may correlate with AdCa pathology, it is also clear that some cases are not predicted by this approach and that interobserver reliability may impact this clinical decision. 26 It is possible that measurement strata (such as 0.5 cm) that create categories will be replaced by numerical measurements to be used in prognostic nomograms. This may reduce the impact of interobserver error as evidenced by only moderate k score for categories and higher intraclass correlation for the absolute measurement. In addition, positron emission tomography scanning may provide useful correlative information, as a positive positron emission tomography lesion may have a greater likelihood of invasion. 6, 9 It is possible that the contribution of molecular data acquired from biopsy material (such as EGFR and Kras mutation status and selected gene amplification studies) may also help stratify patient prognostic groups and guide therapy.
Frequently, a small solitary GGO nodule is managed by a period of observation, and resection follows if there is evidence of interval growth. As noted above, radiologic-pathologic correlation studies suggest that pure GGO lesions are associated with excellent prognosis. Our pathologic data and those of others consistently indicate that a small focus of invasion, less than 0.6 cm in these lesions does not affect prognosis. Prospective studies to examine pathologic and radiologic correlation of nodule invasion with clinical risk for metastasis, recurrence, and death will provide useful information that will guide clinical practice and future classification schemes for AdCa. It is clear that the extent of invasion is an independent prognostic factor for lung AdCa. Consideration of modifying staging criteria for AdCa to include a preinvasive Tcis (carcinoma-in-situ) and Tmic (microinvasive) category is warranted and may have considerable clinical importance.
